Appendix A: Analysis of lake surface brightness
Aerial images captured repeatedly from nearly the same location above the southern part of the Yugama crater lake (around waypoint 9 in Fig. 1c) were analyzed using the open-source image processing software package ImageJ/Fiji (National Institutes of Health, USA) following the procedure described below. First, the images (Fig. 3a) were separated into red, green, and blue channels (Fig. 3b). The contrast and brightness of the lake surface in the green channel were then automatically adjusted using the default Auto function in ImageJ/Fiji, solely for visualization purposes to enhance discoloration (Fig. 3c). Discolored areas in the green channel were identified by first defining regions of interest (ROIs) using the wand tool in ImageJ/Fiji (8-connected pixel connectivity; fixed tolerance of 20 in 8-bit intensity units), followed by application of Otsu’s method (Otsu 1979; Xiang 2022) to these regions (Fig. 3d).
Subsequently, the contours of the discolored areas were projected onto the DSM generated from the flight on 8 November 2026, and their horizontal areas were calculated. Drone position, gimbal attitude, focal length, field of view, and image size, as recorded in the image metadata, were used for these calculations. Temporal variations in lake water level are minor; previous records indicate that it varies by <0.5 m throughout the winter (Terada and Kuwahara, 2025). The aerial imagery confirmed that the water level did not change substantially from September 2025 to March 2026.
Brightness was calculated from the original red, green, and blue channels without any contrast or brightness adjustments. The brightness  was calculated as follows:
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where , , and  are the mean red, green, and blue intensities of the area of interest, respectively.
The brightness of the lake surface depends on camera parameters, including the white balance. Table 2 and Fig. 5a provide the camera parameters and the changes in brightness of the discolored and non-discolored areas. The brightness of both the discolored and non-discolored areas decreased slightly over time. 
Because illumination conditions varied between images and the white balance was adjusted automatically (Table 2), these effects were evaluated by calculating the brightness ratio of the non-discolored to discolored areas (Fig. 4a), as well as the red-to-green and blue-to-green intensity ratios of the discolored area (Fig. 5b). The brightness ratio, as well as the red-to-green and blue-to-green intensity ratios, fluctuated over time but did not exhibit a clear trend (Figs. 4a and 5b), suggesting that the gradual decreases in brightness observed in both the discolored and non-discolored areas (Fig. 5a) may not reflect real changes but could instead reflect variations in illumination and imaging conditions.


